Rates of HCAI were calculated using the following formula: Rate of HCAIs = (number of HCAIs / number of patient days × 1000).
Statistical analysis
Statistical analysis was performed using the chi-square test. Statistical significance was set at P < 0.05. In the comparison of HCAI rates, the chi-square (χ 2 ) value was calculated using the formula χ 2 = (O -E) 2 / V, and the P-value was determined from the chi-square table (5).
Results
During the study period, 24,692 patients were admitted and monitored for 252,327 days; 1430 (5.8%) of these patients were aged 65 or over. These patients were admitted and monitored for 14,214 days. The mean age of the patients aged 65 or over was 72.8, ranging between 65 and 95. The mean age of the patients aged under 65 was 45.3 years, ranging between 18 and 64. The demographic characteristics of the patients aged over 65 are shown in Table 1 .
Eight hundred ninety-four HCAIs were observed in our study, and the HCAI rate was calculated at 3.5. Of these infections, 214 were observed in patients aged over 65 and 680 in patients under 65. One attack was observed in 167 patients, two attacks in 14, three attacks in five, and four attacks in one. The rate of HCAIs among elderly patients was 15.1, compared to a rate of 2.9 in the patients aged under 65. The difference in HCAI rates between the two groups was statistically significant (P < 0.001). Of the HCAIs in the elderly patients, 36.9% were urinary system infections (USIs), 28.0% were bloodstream infections (BSIs), 20.1% were pneumonia, 13.6% were surgical site infection (SSIs), and 1.4% were other infections. Rates were 5.6 for USIs, 4.2 for BSIs, 3.0 for pneumonia, and 2.0 for SSIs. Comparisons of patients aged over and under 65 in terms of types of HCAI are shown in Table 2 .
Gram negative microorganisms were frequently the agents involved in HCAIs, the most common agent being Escherichia coli, followed by Enterococcus spp., Staphylococcus aureus, and Acinetobacter baumannii ( Table 3) . Presence of extended spectrum beta-lactamases (ESBLs) was determined in 36.1% of E. coli strains and 21.4% of Klebsiella strains. Methicillin resistance was present in 50% of S. aureus strains. Vancomycin resistance was determined in two Enterococcus strains. Carbapenem resistance was present in 55.6% of A. baumannii strains, and all strains were susceptible to colistin. All Pseudomonas aeruginosa strains were susceptible to carbapenem.
Gram positive microorganisms were isolated in 32 BSIs and gram-negative microorganisms in 27, while Candida growth was determined in four. Only 18 BSIs were catheter-associated. The most common agent in USIs was E. coli (59.5%). Secondary bacteremia was observed in 13.9% of the 79 attacks monitored with a diagnosis of USI. Urinary catheter use was present in 96.2% of these infections. Nephrostomy catheter was also present in six patients. No microorganism agent could be determined in 72% of cases of pneumonia. The most common agent determined in 12 attacks was A. baumannii. Secondary bacteremia was observed in 16.6% of these infections. Mechanical ventilation was present in 25.6% of the patients diagnosed with pneumonia, and these patients were monitored with a diagnosis of ventilator-associated pneumonia. The most commonly identified agent in SSIs was P. aeruginosa. Secondary bacteremia was present in four of these infections. Forty-three (22.9%) of the patients treated with a diagnosis of HCAI died. Mortality was attributed to HCAI in 17 (39.5%) cases.
Discussion
Recent advances in technology mean that it is now possible to survive for extended periods with diseases that were once fatal. HCAIs affect patients' quality of life and perhaps even their survival. These infections are diseases that can be prevented and reduced (6) . The first step in the prevention and control of HCAIs is the acquisition of sufficient and reliable data. Appropriate strategies can be developed if all centers are aware of their own patient profile and the distribution and prevalence of HCAIs and if they receive feedback concerning these (7, 8) . Surveillance programs for HCAIs, a dynamic process that changes over time, must be brought up to date in light of new infection risks (6, 8) . All potential causes are being investigated in detail in order to prevent and eliminate HCAIs. HCAIs developing in a number of special patient groups, such as newborns, intensive care patients, hematology patients, and the geriatric age group, are being examined in particular detail. Although many studies have considered HCAIs developing in groups such as neonatal and intensive care patients, there are insufficient studies in the literature involving elderly patients.
The rate of HCAIs determined in the elderly patients in our study, 15.1, is similar to the figure of 16.1 reported by Beaujean et al. (2) . Engelhart et al. determined a rate of HCAIs of 6 in patients in care homes (9) . Strausbaugh reported that this rate varied between 1.8 and 13.5 (10) . We attribute the high HCAI rate in our study to various factors, such as primary disease in our patients being more severe than in other studies, prolonged hospitalization, and inadequate socioeconomic conditions. HCAI rates in the elderly patient group in our study were significantly higher than among subjects aged under 65. The elderly may be highly susceptible to HCAIs and community-acquired infections. Advanced age is a recognized risk factor for HCAI (2, 3) .
USIs represented 36.9% of all HCAIs in elderly patients. The rate of USIs was 5.6. USI has been reported to be the most common HCAI, with the HCAI-USI rate ranging between 1.86 and 14.7 (11, 12) . The prevalence of USIs in our study may be due to the presence of urinary catheter in 96.2% of our patients. In addition to a high level of new bacteremia episodes being seen in long-term urinary catheterization, some microorganisms are able to colonize the urinary system, after which clinically significant USIs may develop (11, 12) . The level of urinary catheter use in our study was high, for reasons such as our patients being elderly and the presence of impaired consciousness and urological problems such as urinary incontinence and prostatism, together with comorbid diseases such as acute kidney failure. In agreement with previous studies, E. coli was the most common microorganism in HCAI-USIs in our study (11, 12) . The microorganisms causing HCAIUSIs derive either from the patient's fecal flora or from the hospital flora. Together with catheter use in elderly patients, the presence of fecal incontinence, constipation, and dementia also causes microorganism transmission. The markedly low levels of Tamm-Horsfall protein, which plays a protective role against E. coli-associated USI, in the elderly may also explain the incidence of USIs developing through this agent (13) .
The rate of HCAI bacteremia in elderly patients was 4.22, with bacteremia constituting 28% of all HCAIs. Advanced age is the most important host-related factor for HCAI bacteremia. Other risk factors include previously existing diseases, severity of underlying disease, and nutritional deficiency. Since the majority of these risk factors apply to the elderly, they are particularly disposed to the development of HCAI. An increase in invasive procedures and extended length of hospitalization also contribute to this (14) .
Thirty-nine percent of gram-negative HCAI agents were microorganisms producing ESBL. ESBL production was present in 47.8% of E. coli strains and 42.8% of K. pneumoniae strains. ESBL levels vary significantly between different countries and regions, and even between hospitals. Studies have reported high levels of ESBL, such as 67% in E. coli and 73.3% in K. pneumoniae (15) . The level of ESBL in the K. pneumoniae strains in our study was compatible with that in the previous literature, while the level of ESBL in E. coli strains was higher than in the literature. The high ESBL levels may be attributed to all age groups being included in other studies, while only elderly patients were included in our study. The patients in our study therefore had greater risk factors for ESBL, such as frequent use of antibiotics such as cephalosporins and quinolones, frequent use of invasive equipment, and more comorbid diseases.
Gram positive microorganisms were the agent in 50% of bacteremia cases, gram-negative microorganisms in 40%, and Candida in 5%, while polymicrobial growth was determined in 5%. The most commonly isolated gram-positive microorganism was methicillin-resistant coagulase-negative staphylococci (13.3%), followed by methicillin-susceptible S. aureus (11.6%) and E. faecalis (11.6%). Methicillin-resistant S. aureus (MRSA) was determined as the agent in 8.3% of bacteremia cases. The most common agent among gram-negative microorganisms was A. baumannii (13.4%), followed by E. coli (10%). The most commonly observed microorganism in our study was also S. aureus, at 21.6%. Sucu et al. also identified S. aureus as the most common agent in a study evaluating bacteremia in our hospital (16) . Crane et al. also identified S. aureus as the most common agent in their study of elderly patients (17) . MRSA colonization is a significant problem in elderly patients. Simor et al. reported MRSA colonization together with an increased risk of staphylococcal infections in elderly hospitalized patients (18) . Awareness of microorganism colonization in the body before the onset of infection will therefore be a useful guide in beginning empirical treatment. When the 18 catheter-associated bacteremia attacks were analyzed, the most common agent was identified as MRSA (27.8%), followed by E. faecalis (22.2%). In a previous study performed in our hospital evaluating total parenteral nutrition catheters, Yilmaz et al. identified coagulasenegative staphylococci as the most common agent, followed by S. aureus, P. aeruginosa, and Acinetobacter spp., with a level of 3.2% for Enterococcus spp. (19) . The high MRSA and E. faecalis levels in our study may be explained by greater staphylococcal and enterococcal colonization due to the advanced age of our patients.
The third most prevalent HCAI in elderly patients was pneumonia, at a rate of 3.2. Pneumonia, the third most common HCAI in elderly patients after USI and bacteremia, was also the third most common HCAI in the hospital generally. Strausbaugh reported a HCAI respiratory tract infection rate of 0.3-4.7 in elderly patients (10) . The incidence of HCAI pneumonia, which we calculated at 0.48 in the hospital in general, was reported at 0.88 in the hospital in general by Abdel-Fattah (20) . Engelhart et al. identified respiratory tract infections as the most common infection in care homes (9) . HCAI pneumonia, which constituted 20.1% of all HCAIs in the elderly in our study, represented 10.3% of all infections in a study by Beaujean et al. and 20% in a study by Trivalle et al. (2, 21) . Numerous factors contribute to the development of HCAI pneumonia, including previously impaired respiratory defense mechanisms (chronic obstructive pulmonary disease), advanced age, presence of underlying disease and complications (such as renal failure, diabetes mellitus, and immune system suppression), invasive procedures, and corticosteroid use (2, 20, 21) . The presence of these factors in the majority of the elderly patient group in our study may have contributed to the development of HCAI pneumonia. Gram-negative microorganisms were determined as the agent in 50% of patients, while gram-positive growth was determined in 25% and polymicrobial growth in 25%. A. baumannii was the most commonly observed microorganism at 41.6%, followed by P. aeruginosa (25%) and MRSA (16.6%). Blood culture positivity was determined in 4.65% of our patients, while Meehan et al. reported positivity in blood culture at a level of 7.1% in their study of pneumonia in elderly patients (22) .
The fourth most common HCAI in our elderly patients was SSI, at a rate of 2.04. SSIs constitute 13.6% of all HCAIs in the elderly. SSIs were the fourth most common HCAI in elderly patients, after USI, bacteremia, and pneumonia, and also the fourth most common in the hospital in general. Kaye et al. reported that SSIs constituted 11% of all HCAIs (23). Gram-negative microorganisms were the agents in 72.4% of SSIs, gram-positive microorganisms in 10.3%, and polymicrobial agents in 17.2%. The most frequent agents were E. coli, P. aeruginosa, and A. baumannii. The most common agents among the grampositive microorganisms were E. faecalis and MRSA. SSI agents vary considerably, depending on the type of operation, and transmission occurs from exogenous and/ or endogenous sources. As in other HCAIs, gram-negative microorganisms represent a problem in terms of SSIs in our hospital. This may be due to cross-contamination with inadequate personnel numbers and training, increased colonization with gram-negative microorganisms resulting from prolonged hospitalization, and poor hand hygiene. As the studies from various findings show, SSIs constitute an important group among HCAIs, and advanced age is a risk factor for such infection.
Health care-associated central nervous system infections are relatively rare in the HCAI category. However, since they are important causes of morbidity and mortality, they are some of the most severe HCAIs. The fifth most common HCAI that we observed in our elderly patients was central nervous system infection, at a rate of 0.21. Health care-associated central nervous system infections represented 1.4% of all HCAIs. Previous studies have reported that they constitute 0.4% of all HCAIs (24) . These were the fifth most frequent infection in elderly patients after USI, bacteremia, pneumonia, and SSI. Similarly to our own findings, the most important risk for health care-associated central nervous system infections in previous studies was the presence of venous drainage.
The duration of healthcare-related infections in the study and the nutritional status of the patients were not assessed. It is important to know the nutritional status and hospitalization time of patients when evaluating infections in elderly patients. These shortcomings are a limiting aspect of the study.
In conclusion, HCAIs, and particularly those in the elderly, are an important problem. Awareness that HCAIs seen in the elderly may have different clinical and microbiological characteristics than those in other patients, and the taking of appropriate precautionary measures, will reduce problems that may be caused by these diseases, with their high mortality and morbidity. Every center should identify its own principal problems, identify its microorganism profile, and take appropriate precautions.
